Introduction: This study was conducted to evaluate the seroprevalence of West Nile virus (WNV) in the horse population of northern Serbia. Furthermore, it aimed to provide insight and an updated overview on the circulation of this re-emerging pathogen in this part of southeastern Europe. At the time of manuscript preparation, no clinical cases of WNV infection in horses were reported in this area. Methodology: Between 2007 and 2011, a total of 252 equine serum samples were collected from seven different locations in northern Serbia. The presence of WNV-reactive IgG antibodies was examined by using commercial and in-house ELISAs. Selected ELISA-positive samples were re-tested by a WNV lineage 2 plaque reduction neutralization test 90% (PRNT-90). Results: In 28.6% of the 252 tested equine serum samples antibodies against WNV were detected. The results obtained with the in-house ELISA corresponded to the outcome of the commercial kit in 90% of the samples. All selected WNV antibody ELISA-positive samples were confirmed by PRNT-90 with neutralizing antibody titers of 1:23 to > 1:512. Conclusion: This study confirms the circulation of WNV in northern Serbia. No striking regional differences in seroprevalences were identified suggesting WNV circulation also in other parts of Serbia. Distances between wetlands or forests and stud farms do not appear to have an influence on WNV seroprevalence.
Introduction
In the last decades West Nile virus (WNV) was, with a few exceptions, of limited importance in Europe. This changed dramatically in 2008 when widespread epidemics occurred in the entire federal territory of Hungary including the eastern part of Austria [1, 2] and in northern Italy [3] , respectively. While the Italian outbreak was caused by a "classical" lineage 1 WNV strain, the Hungarian/eastern Austrian outbreak was due to a novel lineage 2 WNV, which was introduced to Hungary in 2004 [4] , most likely by migratory birds from Africa. This was the first time that a lineage 2 WNV emerged outside Africa. In 2010, the "Hungarian/Austrian" lineage 2 WNV caused an epidemic of West Nile neuroinvasive disease (WNND) in the human population in northern Greece with 262 laboratory confirmed infections, including 197 neuroinvasive cases and 33 deaths [5, 6] ). The question arose how this virus could emerge 600 km southeast of Hungary, and there is growing evidence that this WNV strain spread -initially unrecognized -from Hungary via Serbia and other Balkan states to Greece. In 2010 another WNND outbreak in humans was reported in Romania with 57 confirmed cases and 5 fatalities. Interestingly, the etiologic agent of this epidemic was identified as another lineage 2 virus, closely related to the Volgograd 2007 WNV [7] .
Given the complex epidemiological situation of WNV in central and southeastern Europe since 2008, and the scarce data available for the Balkan states, the goal of this study was to investigate serologically the presence or absence and the incidence/prevalence of WNV in horses in the northern part of Serbia, bordering both to Hungary and Romania. Horses are considered highly susceptible dead-end hosts for WNV infection; on the other hand the course of the vast majority of infections in horses is subclinical, only detectable by appropriate serological methods.
WNV is a widely distributed infectious agent. Taxonomically it has been listed within the Japanese encephalitis sero-complex of the family Flaviviridae [8] . Data on seroprevalence of this virus varies, as well as disease outbreaks in Europe, which have been reported in the past 30 years [9] . Serological surveys, conducted in Croatia [10] and Romania [7] , Serbia's neighboring countries, showed seroprevalence rates from 0.4% up to 33.5%, respectively. The first serological survey of WNV in Serbia found 12% of 349 tested horses positive [11] . The current study was conducted to evaluate the seroprevalence of WNV within the horse population of the northern part of Serbia. In addition, a more detailed overview on the circulation of this re-emerging pathogen in this part of southeastern Europe is provided. Until the time of submission of this mansucript, no clinical cases of WNV infection in horses were reported from Serbia. The first outbreak of WNND in humans in Serbia including fatal cases was observed during 2012 and published in 2013 [12] .
Methodology
Between 2007 and 2011, a total of 252 equine serum samples were collected from seven different locations in northern Serbia. Horses included in this survey were of different breeds and different ages. Samples were collected from each horse in the sampled herd. None of the sampled horses showed clinical signs of illness at the time of sampling.
The presence of WNV IgG antibodies was examined by employing the commercially available ELISA kit INGEZIM West Nile COMPAC (Ingenasa, Madrid, Spain) according to the manufacturer's recommendations. In order to exclude intra-test variations all samples were re-tested with this ELISA. In addition, 101 randomly selected samples were tested in parallel by an in-house ELISA [13] . The inhouse ELISA test is based on the WNV E protein produced in Trichoplusia ni larvae, using a Baculovirus expression system [13] .
Due to the known cross reactivity between WNV and other flaviviruses, selected ELISA-positive samples (n = 48) were re-tested by WNV lineage 2-specific PRNT-90 as previously described [14, 15] .
Evaluation of sensitivity and specificity of the assays: True positive samples were defined as samples confirmed by the gold-standard PRNT-90. True negative samples were defined as samples which were negative in both rounds of analyses with the commercial WNV ELISA kit.
Results
Of the 252 equine serum samples tested in this survey, 28.6% showed antibodies against WNV. Although some differences in the seroprevalence rates were observed between the seven investigated geographic regions (Figure 1, Table 1 ), these differences were statistically not significant (p = 0.238).
The highest percentage of WNV-seropositive samples was recorded within the horse population of Vršac region. The lowest seroprevalences were found in Surduk and Karadjordjevo regions. The repeatability of the commercial ELISA test was 100%. The results obtained with the in-house ELISA corresponded 90% to the outcome of the commercial ELISA. The comparative analysis of the results of the in-house ELISA and the commercial test kit is shown in Table 2 . The in-house ELISA revealed a sensitivity of 87% and a specificity of 92% in relation to the commercial ELISA test. Table 3 shows comparatively the results obtained with the various methods employed. The randomly selected 48 ELISA-positive sera were all confirmed by PRNT with titers of 1:23 to > 1:512. Antibody titers higher than 1:128 were discovered in more than half of the seropositive horses (Figure 2 ).
Conclusions
The survey presented in this paper confirmed the widespread presence of WNV-specific antibodies in the equine population of northern Serbia. The WNV antibody prevalence in the tested horse populations accounted for 28.6%, thus roughly one out of three horses had experienced WNV infection at least once in its life. The equine population included in this survey was mainly of local origin and did not move outside the examined area. Only few animals had a history of travelling abroad. Since no striking regional differences were observed in the antibody prevalences, it seems justified suggesting WNV circulation throughout Serbia. The seroprevalence rate described in the first equine survey for WNV antibodies in Serbia was calculated with 12% in 349 tested horses [11] . The results of the current survey show a higher antibody prevalence in the horse population tested, almost double, which might be due to sampling of different herds and horse populations. The distances between wetlands or forests and stud farms do not appear to influence WNV seroprevalence. Distances from herd locations to wild bird nesting areas seem also to have no influence on horse WNV seroprevalences. In two horse groups (Surduk, Karadjordjevo) a lower seropositivity rate was detected. These animals spent actually less time in outdoor paddocks or were continuously kept in boxes without direct outdoor contact. To summarize, this study confirms a widespread circulation of WNV in northern Serbia. In order to be able to predict future outbreaks in the human or equine population, WNV surveillance activities in humans, susceptible animal species as well as mosquitoes should be implemented and maintained.
